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Abstract

Methods

In drilling processes, dynamic vibrations are the
leading causes of damages to drilling equipment. This
damage can happen on the borehole wall, the drill
string, and at the bottom hole assembly. The sources
of these vibrations are the dynamic forces applied on
the drill bit that develop when driving through various
underground geological formations, mainly rock and
sediment. As a result, these vibrations traverse the
drill string as a cyclic waveform, causing deformations
and inevitable fatigue of the drill string.
Our goal was to investigate these disturbances through
state delay analysis.

•Investigation of axial and torsional dynamic motions
•Lumped axial-torsional model of the drill string
•Numerical analysis of State Delay Differential Equations
“SDDE”
•System stability under variable operating conditions
•MATLAB and Simulink codes for second order ODE’s

Results
Figure 1. Lumped parameter axial-torsional drill string model

Introduction / Background
During drilling operations, vibrations are generated by
the interactive dynamic forces between the drill string
and the interface of the cutting surface.
As a result, these vibrations then traverse the drill
string as a cyclic waveform, causing deformations and
eventual fatigue of the drill string.
The objective is to minimize unwanted vibrational
disturbances since they are the leading causes of
failure of system components as well as reduced
productivity.
This project investigates vibrations of a drill string
under the weight of the bit (WOB), rate of bit
penetration (ROP), and the rotational speed (𝜔) of the
string. The developed investigation can be used to
determine characteristics and methods of reducing
vibrations that cause fatigue failure of the drill string
and other down the hole components. The results are
verified against available ones in the literature.

Figure 2 illustrates responses of a constant state delay (red)
and a state-dependent delay (blue) system. It is seen that a
system under constant delay has a constant oscillatory
motion. In contrast, the state dependent delay, tends to
grow exponentially unless otherwise suppressed. In this
case, the state dependent delay is related to disturbances
generated by the bit and the cutting surface. In addition,
the plot gives representation of initial conditions and
vibration suppression.

Discussion/Conclusions/Next
Steps
Figure 2. Graphical interpretation constant delay,
state delay and various conditions w/o vibration suppression
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•In analyzing the state delay, our results agree with the
preliminary state delay differential equation results found
in literature.
•In analyzing the state delay of the drill string, it has been
found so far that changing the WOB and ROP shifted the
time the system reached steady state solution.
•Investigation of the bit-rock interaction led to complex
numerical relationships in which according to the literature
solutions are rarely found.
•Complete understanding of the drill bit interaction needs
further studies.
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